Study design Cross-sectional study. Objectives To determine the prevalence of, and factors associated with, spinal pain among wheelchair users. Setting Four Spanish hospitals specialized in providing care for wheelchair users. Methods Persons who had used a wheelchair for a median (IRQ) of 10 (5;19) years, 27% of them due to reasons other than spinal cord injury, were recruited consecutively (n = 750). Data on 43 demographic, psychosocial, ergonomic, and clinical variables were collected, and analyzed. Main outcome measures were: point prevalence of neck (NP), thoracic (TP), low back pain (LBP), and pain at any spinal level (PASL); and factors associated with them. Results Point prevalence was 56% for NP, 54% for TP, 45% for LBP, and 76% for PSAL. PASL was associated with a lower quality of life (OR (95% CI) 0.91 (0.86; 0.97)). Multivariable regression models showed that the main factors associated with significant pain (≥1.5 VAS points) were: (a) For NP: cervical spinal injury and wheelchair seat cushion thickness, (b) For TP: thoracic spinal injury and sagittal index, (c) For LBP: thoracic or lumbar spinal injury, with some sensitivity remaining, (d) For PASL: being female, living alone, and using a non-power wheelchair. Discrimination (AUC) of these models ranged between 0.638 and 0.818. p-values in the Hosmer-Lemeshow test ranged between 0.420 and 0.701. Conclusions Prevalence of spinal pain among wheelchair users is high. It is associated with a lower quality of life. Future studies should assess whether using a power wheelchair affects PASL, and if the thickness of seat cushion affects NP. Sponsorship Spanish Back Pain Research Network
Introduction
Common low back pain (LBP) is defined as pain between the costal margins and the inferior gluteal folds, which is usually accompanied by painful limitation of movement. It may be associated with pain referred down to the leg, and is not related to fracture, direct trauma, or systemic diseases such as neoplastic, infectious, vascular, metabolic, or endocrine-related processes. Common thoracic pain (TP) is diagnosed when pain is located between the costal margins and the base of the neck, and common neck pain (NP) is diagnosed when pain is located above that level. The latter may be accompanied by pain referred to the arm [1, 2] .
The lifetime prevalence of common LBP among the general population is above 80%. LBP is the leading cause of "years lived with disability" worldwide, while NP is the fourth [1, 2] . Data gathered by previous studies suggest that wheelchair users also suffer from NP and LBP [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , and that these conditions restrict their activity, increase their time spent bedridden, and decrease quality of life [6, 7, [14] [15] [16] [17] . In fact, pain relief has been identified as one of the main unmet needs in the community of wheelchair users across different countries [18] .
However, the prevalence of common ("mechanical") spinal pain among wheelchair users remains largely unknown; only two studies have focused on LBP and one on NP [3, 7] . Moreover, none of these studies have included large, representative samples of wheelchair users.
The factors associated with an increased risk of NP, TP, and LBP among wheelchair users are also largely unknown.
Wheelchair users are exposed to a number of factors, which are generally assumed to be associated with an increased risk of suffering from these conditions, such as enduring awkward positions [3, 4, 7, 8, [18] [19] [20] [21] [22] [23] , whole-body vibrations [24] [25] [26] [27] [28] [29] , and holding arms at shoulder height during extended periods of time [26, 30, 31] . Nevertheless, most studies on neck or back pain conducted with wheelchair users have focused on ergonomic factors associated with the characteristics of the wheelchair [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , and there is scarce evidence on whether other protective or risk factors, which are relevant among the general population, such as physical activity [32] [33] [34] , play a similar role in this specific population.
Identifying the factors associated with a higher risk of NP, TP, and LBP among wheelchair users could provide a basis for further research and for designing preventive strategies which, if shown to be effective in high-quality clinical trials, may be useful for this population in practice [18] .
Therefore, the objectives of this study were to: (a) Determine the prevalence of NP, TP, and LBP among wheelchair users, and (b) Identify the factors associated with a higher risk of neck or back pain among this population.
Methods
A cross-sectional study was conducted in Spain, complying all institutional and governmental regulations concerning the ethical participation of human volunteers. This study was approved by the ethical committees of the participating institutions.
Participants
Inclusion criteria were as follows: being ≥18 years of age, having been a permanent user of any type of wheelchair for ≥1 year, and signing the informed consent form.
Exclusion criteria were as follows: using a wheelchair intermittently or temporarily, suffering from physical or mental inability, which made it impossible to respond to the interviewer's questions (e.g., pentaplegia or senile dementia), reporting being unable to distinguish neuropathic from mechanical pain, presenting fever, and having been diagnosed (or being in the diagnostic process) of cancer, systemic infection, or any inflammatory diseases such as spondylitis or rheumatoid arthritis.
Setting and procedure
This study was conducted at four of the major Spanish hospitals offering education and training related to using a wheelchair permanently, either due to spinal cord injury or other reasons, namely Hospital Nacional de Parapléjicos de Toledo, Centro de Referencia Estatal para la Atención a Personas con Grave Discapacidad y para la Promoción de la Autonomía Personal y Atención a la Dependencia (San Andrés del Rabanedo, León), the Centro de Recuperación de Personas con Discapacidad Física (CRMF) from Salamanca, and the CRMF from Madrid.
All persons returning for follow-up consultations at the participating hospitals between November 2014 and February 2016 were screened consecutively by their treating physicians. Each participant was interviewed in person by one out of a pool of three research assistants, who assessed inclusion criteria, explained the study characteristics in detail, handed out the written informed consent, enrolled the participant, and gathered data on all the variables. In order to identify potential sources of recruitment bias, reasons for exclusion were recorded.
Although each hospital covers specific geographic areas, participants relocating from one area to another could have been recruited in different hospitals at different moments. Therefore, two research assistants at a central coordination office ensured that only one set of data per participant was included in the analysis. Data from each individual participant were introduced separately into the database by two research assistants, and cross checked for inconsistencies.
Variables
Following the study design, data were gathered on the variables that had already been linked to a higher risk of common spinal pain among the general population, and those which the authors hypothesized had the potential to increase the risk of common spinal pain specifically among wheelchair users.
Data on the following variables were gathered: age (date of birth), gender, academic level (no studies, primary school, high school, university), working (yes/no), smoking, marital status (single, married, divorced, widow/er), living alone, driving, requiring help for daily activity, type of wheelchair (manual, power, others), use of a cushion in the chair, type of cushion (silicone, foam, other), time elapsed since starting to use a wheelchair permanently (years), having presented decubitus ulcers, reason for using a wheelchair (spinal cord injury or other, e.g., degenerative neurological conditions or untreatable chronic musculoskeletal condition), level of injury, type of neurological deficit (complete, with some sensitivity remaining, with some movement remaining, with spasticity, or other), and drugs prescribed to treat pain, if any (analgesics, not opioids, opioids, non-steroidal anti-inflammatory drugs, muscle relaxants, others, e.g., gabapentine or pregabaline).
The following variables were also recorded: height and body weight (combined in the body mass index) [35] , sagittal index [36] , the American Spinal Injury Association (ASIA) category ("A", or complete, with no motor or sensory function preserved; "B", sensory but not motor function is preserved below the neurological level, "C", motor function is preserved below the neurological level, and more than half of key muscles below the neurological level have a muscle grade <3, or "D", motor function is preserved below the neurological level, and more than half of key muscles below the neurological level have a muscle ≥3) [37, 38] , number of hours spent daily in the wheelchair [39] , number of days (per week) going out of home [40] , number of hours per week doing exercise and sport (and type of sport) [40] , usual position while sleeping (lying on the back, stomach or side), number of hours in bed per week, mattress age, type of mattress surface (spring, latex, other viscoelastic surfaces, silicone, water, air or pressure sores, or other), mattress firmness (very soft, soft, neither soft nor firm, firm, very firm), and wheelchair seat cushion thickness (cm).
Finally, three visual analog scales (VAS) were used to assess neck, thoracic, and LBP separately [39] . Daily activity was measured with a set of previously validated specific questions [40] , while depression and quality of life were measured with the previously validated Spanish versions of the Center for Epidemiologic Studies Depression (CESD) scale [41] , and the Quality Life Index/Spinal Cord Injury (QLI/SCI), respectively [42] [43] [44] . The latter has been validated for use among wheelchair users both with and without spinal cord injury [44] . Value ranges are (from best to worst) 0-10 for VAS and 0-60 for CESD (with scores >16 suggesting depression) [41] , and, from worst to best, 0-30 for the QLI/SCI [42] [43] [44] .
Analysis
At the design phase of this study, the authors listed 19 variables, which they considered had the potential to be associated with spinal pain among wheelchair users. This selection was based on clinical plausibility. Moreover, they anticipated that up to four additional variables could be significantly more frequent among participants with spinal pain. In order to assess the association between the prevalence of spinal pain and 23 potential risk factors, each of the two groups (i.e., participants with or without pain) had to include ≥230 participants [45] . Therefore, assuming an error ≤4% and anticipating a pain prevalence of 40% and losses of 30%, the sample size was established at 750 participants.
Data gathered during the study were used to estimate the point prevalence of neck, thoracic and LBP, and of pain at any of these levels, as well as the 95% CI for each."Participants with pain" at the cervical, thoracic or lumbar levels, or at any spinal level were first defined as those with a VAS score >0. Previous studies have shown that the minimal clinically important change for neck and LBP is 1.5 VAS points [46, 47] . Therefore, prevalence was also calculated for "significant" pain, defined as a VAS score >1.5 points.
At the design phase of this study, it was anticipated that some variables could be associated with significant pain at only one spinal level (neck, thoracic, or low back), others could be associated with pain at several or all of these levels, and still others could be confounders. Therefore, four multivariable, binary, logistic regression models were developed to separately assess the factors associated with a higher prevalence of NP, TP, LBP, and pain at any spinal level. The limit for each category (significant pain vs. no significant pain) was established at 1.5 VAS points.
The variables included in the regression models were selected following clinical and statistical criteria. The variables which were selected based on clinical criteria were defined at the design phase of the study. These were: age, gender, number of hours per week doing exercise or sport, quality of life (QLI-SCI), depression (CESD score), type of wheelchair, reason for using a wheelchair, level of spinal injury, and ASIA score. In the model on pain at one spinal level (neck, thoracic, or low back), pain at the other two levels was also included.
The variables which were selected based on statistical criteria were identified at the analysis phase. All variables were compared across participants with and without pain, using the χ 2 or Fisher's exact tests for categorical variables and the Mann-Whitney's U for numerical ones, and all variables showing statistically significant differences between participants with and without each type of pain (NP, TP, LBP, or PASL), were also included in the corresponding regression model.
A non-automatic backward strategy was followed, using the value p < 0.05 to eliminate variables from the model.
Collinearity in the models was assessed following the criteria proposed by Belsley [48] . In order to assess the accuracy of the final models, both their discrimination and calibration were evaluated. Discrimination was assessed with the area under the ROC curve (AUC), whereas the Hosmer-Lemeshow test was used to assess calibration. An AUC > 0.7 and a p > 0.05 in the Hosmer-Lemeshow test suggest acceptable discrimination and calibration, respectively [49] .
All analyses were conducted with Stata 14. 
Results

Sample
Among the 788 persons who were screened, 26 were excluded for being permanent wheelchair users for <1 year, and 12 for being unable to distinguish neurophatic from mechanical pain. All the persons invited to participate in the study, accepted. Therefore, 750 were included. Their mean (SD) age was 43 (13) years, median (IQR) duration of time elapsed since starting to permanently use a wheelchair was 10 (5;19) years, 74% had suffered a spinal cord injury, 76% suffered from pain at ≥1 spinal level, 66% required help for daily activity, and only 19% were working. Table 1 shows sample characteristics for the whole sample and broken down by participants, which reported and did not report NP, TP, and LBP.
Prevalence of spinal pain
Point prevalence (95% CI) for pain of any severity (>0 VAS points) was 56% (52. 
Regression models
All variables showing statistically significant differences across participants with and without pain at each spinal level (NP, TP, LBP, or PASL), were included in the corresponding regression model.
Variables included in the four maximal models were: age, gender, number of hours per week doing exercise or sport, quality of life (QLI-SCI), depression (CESD score), type of wheelchair, reason for using a wheelchair, level of spinal injury, and pain at the other two levels. Additional variables were: (a) in the model on NP: wheelchair seat cushion thickness and requiring help for daily activities, (b) in the model on TP sagittal index, living alone, marital status, usual position in bed, and usual number of hours in the wheelchair and in bed, (c) in the model on LBP: type of neurological deficit, ASIA score, usual number of hours in bed, and number of hours doing exercise or sport per week, (d) in the model on pain at any level: living alone, analgesics, NSAIDs, presence of decubitus ulcers, and type of neurological deficit. There was no collinearity among variables.
Discrimination and calibration of the models were acceptable, with values of the AUC and results from the Factors associated with a higher prevalence of pain
As shown in Table 2 and Supplementary Tables 1-4 , results showed that pain at any of the three spinal levels (neck, thoracic, or low back areas), was associated with pain at the other two locations.
In addition, factors associated with NP were: spinal injury at the cervical (vs. thoracic) level, and use of thinner wheelchair seat cushions. The association between NP and poorer health-related quality of life was close to statistical significance (p = 0.055; Table 2 ; Supplementary Table 1) .
Factors associated with TP were: greater sagittal index and spinal injury at the thoracic level.
Factors associated with LBP were: having had a spinal injury at the thoracic or lumbar levels, and having some sensation remaining (Table 2; Supplementary Table 3) .
The association between NP and poorer health-related quality of life, was close to statistical significance (p = 0.055. Table 2; Supplementary Table 1) .
Factors associated with suffering from pain at any spinal level were: being female, living alone, using a non-power wheelchair, and having a worse qualify of life. The association between pain and presenting a higher score for depression was close to statistical significance (p = 0.053. Table 2; Supplementary Table 4) .
Discussion
In this study, the point prevalence of common spinal pain among wheelchair users was 52% for NP, 51% for TP, 41% for LBP, and 76% for pain at any spinal level (Table 1) . These results are generally consistent with those from previous studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , including a systematic review, which found a prevalence of 47% (95% CI 43;50) for common TP and of 49% (44;55) for common LBP [8] . It should be noted that this previous review only focused on chronic (not acute) pain among persons using a wheelchair specifically due to a spinal cord injury [8] , while the current study focused on all types of common spinal pain and 27% of participants used a wheelchair for reasons other than spinal cord injury ( Table 1) .
As in most epidemiologic studies among the walking population, "pain" was defined as any VAS score >0 points when calculating its prevalence. However this definition implies that participants with mild, clinically irrelevant backache, who would never seek health care for this reason, are also classified as "back pain sufferers". Therefore, "significant pain" was defined as any pain severity, which can show a clinically significant improvement (i.e., over 1.5 VAS points) [46, 47] . Prevalence using this threshold turned out to be very similar; for instance, prevalence of "pain at any spinal level" was 76% using the first definition, and 73% when "pain" was restricted to values >1.5 VAS points. Setting the values for "significant" pain at higher values would change this figure. For instance, should the cut-off value for "significant" pain have been established at 3 or 5 VAS points, prevalence would have been 37% or 28%, respectively.
The prevalence of each of the different types of spinal pain (NP, TP, etc) among permanent wheelchair users found in this study is higher than the prevalence reported for the same type of pain among the general population [1] . This suggests that wheelchair users may be specially susceptible to suffering spinal pain. Moreover, this study shows that, in this population, suffering from spinal pain is associated with a significantly lower quality of life, which is consistent with previous studies [5, 14, 16] . These facts suggest that future research should be undertaken in order to: identify the factors predicting or causing spinal pain in this population, define prevention strategies and methods to reduce its impact, and assess the effectiveness, safety, and efficiency of such strategies and methods.
Most studies focusing on risk factors for neck and back pain among wheelchair users have focused on ergonomic characteristics of the wheelchair [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , as opposed to other factors such as those analyzed in this study. This limits comparing their results.
This study analyzed most variables, which have shown to be associated with spinal pain in the general population, and those which the authors expected could play a role in the case of persons who use a wheelchair permanently. However, very few actually showed to have a significant association with pain prevalence (Table 2; Supplementary  Tables 1-4 ). This suggests that identifying factors and mechanisms associated with neck or back pain may be as elusive among wheelchair users, as it has proven to be among the general population. Neck and back pain among permanent wheelchair users might be associated with factors other than those analyzed in this study, such as the relationship between the subjects' physical characteristics and wheelchair size and shape (which, in turn, may condition body position when using the wheelchair), or muscle functionality, physical condition, and training. Future studies should assess these and other factors, which have not been analyzed in the current study.
This was a cross-sectional study and, therefore, clinical sense must be applied to interpret the associations found. For instance, it is more likely that suffering from pain at any spinal level triggers the use of analgesics and NSAIDs, than the reverse (i.e., that using these drugs triggers pain) (Supplementary Table 4 ).
This study assessed association, and association does not mean causation. However, lack of association makes causation very unlikely, and the discrimination and calibration of the regression models were acceptable. Therefore, some associations found in this study may provide a basis for designing preventive strategies, although their effectiveness should be assessed before implementing them in routine practice. Trying to get the sagittal index to be as close to normal as possible, is already a goal when operating on spinal fractures, and results from this study provide yet another reason for supporting this practice. After adjusting for all the other variables, using an power wheelchair was found to be associated with a lower prevalence of pain at any spinal level, and using thicker wheelchair seat cushions was associated with less NP. This suggests that the appropriate longitudinal studies should be conducted to assess whether these are actually effective preventive or therapeutic measures and, if so, ergonomic research should be conducted to refine the design of wheelchairs factoring in these concepts.
Among the general population, avoiding bed rest, active management, and physical activity/exercise are the preventive measures best supported by the available evidence [33, 34] , and some previous observational studies have found that, among wheelchair users, physical activity is associated with less pain, fatigue, and depression [32] . However, such an association could not be documented in this study, maybe because very few participants practiced exercise or sports (Table 1) or because the biomechanics involved in physical activity and sports participation are different among wheelchair users. Nevertheless, physical activity has shown to be associated with many positive physical and psychological effects beyond spinal pain, so results from this study should not discourage wheelchair users from being as physically active as possible.
It is noteworthy that in the crude analysis, a significant association was found between depression and pain, but it ceased to be significant when adjusting for other factors ( Table 2; Supplementary Tables 1-4 ). This suggests that, although wheelchair users may present spinal pain and depression simultaneously, the two are not directly correlated in this specific population, that is depression is not associated with reporting spinal pain, and pain is not associated with being depressed. However, the p-value for the association between depression and PASL was 0.053, which was very close to the cut-off point for statistical significance (0.050), and many studies have found associations between pain and depression in the general population as well as among wheelchair users [5, 17] . These facts suggest that the lack of association between pain and depression in this study may be due to the characteristics of the sample. Most participants in this study were severely impaired; in general, they spent 12 h per day lying in bed, over 60% required help for daily activities, <20% worked, and~40% had a CES-D score over 16, suggesting depression (Table 1) .
Although >50% of participants were single, divorced, or widow/ers, <15% lived alone, which may reflect the strength of social and family support in the Spanish culture. A previous observational study in Iran found that, among wheelchair users, social support was not associated with pain [5] . However, in this study, living alone was associated with a higher prevalence of spinal pain at any level, suggesting that, in Spain, social support and physical aid for daily living may have a protective effect on spinal pain.
Representativeness of the sample should be discussed. This study focused on common ("mechanical") spinal pain, and this type of pain can concur with neurophatic pain. Therefore, it was necessary to exclude persons who were not able to distinguish between the two types of pain. In Spain, the National Health Service provides health care for free for all residents in the country. This includes education, training, and periodical follow-up consultations at specialized hospitals for all persons who lose the ability to ambulate. Participants in this study were recruited consecutively in such hospitals. None of the screened persons were excluded for reasons other than non compliance with predefined inclusion criteria, and none of those who were invited declined. Therefore, generalizability of findings to permanent wheelchair users across the country does not appear to be a major concern. However, it is possible that a different sample comprising wheelchair users with a more active lifestyle would have led to different results especially on the potential effect of physical activity. Future studies should explore risk factors for spinal pain among specific subsamples of wheelchair users, such as persons who have lost their ability to ambulate due to spinal injury.
Some variables had a few missing data. However, very few had ≥5% missing data, and the only ones with >15% were "body mass index" and "number of hours per week doing exercise or practicing sports" (Table 1 ). This does not appear to challenge the conclusions of this study.
Study limitations
This study focused on persons who use a wheelchair permanently, and it excluded those who use it transitorily or intermittently. Therefore, results may not apply to the latter. This limitation derives from the study objective, and persons using a wheelchair temporarily (e.g., for fractures or recovery from surgery) represent a different population.
Conclusions
In conclusion, this study shows that the prevalence of spinal pain among wheelchair users is high, and that spinal pain is associated with a lower quality of life. Among the variables associated with a higher risk of pain identified in this study, the main modifiable factors are: sagittal index for thoracic fractures, thickness of the wheelchair seat cushion for NP, and use of a power wheelchair for pain at any spinal level. The potential preventive or therapeutic value of the latter two should be assessed by conducting the appropriate longitudinal studies.
